V aspin (visceral adipose tissue-derived serpin), which belongs to the serine protease inhibitor family, has been newly identified to be an adipokine associated with obesity and its metabolic consequences. Vaspin may act as an insulin sensitizer with an anti-inflammatory effect and function as a compensatory mechanism in response to impaired glucose metabolism or decreased insulin sensitivity. 1, 2 Administration of vaspin to obese mice markedly improves insulin sensitivity and glucose tolerance. 3 A previous study reported that vaspin-deficient mice developed glucose intolerance related to endoplasmic reticulum stress, whereas vaspin-transgenic mice were protected from diet-induced obesity and glucose intolerance. 4 In addition, a cross-sectional study showed that elevated serum vaspin levels were correlated with obesity and impaired insulin sensitivity. 5 In recent years, growing evidence has demonstrated that vaspin is actively involved in the development of atherosclerotic cardiovascular diseases. Esaki et al indicated that serum vaspin levels were positively related to carotid atherosclerosis, independent of insulin resistance in a general population. 6 Kadoglou et al showed that serum vaspin levels were reduced in patients with coronary artery disease (CAD), and low vaspin seemed to be associated with disease severity. 7 Moreover, a recent cohort study suggested that vaspin could be a prognostic biomarker in patients with acute myocardial infarction (AMI) and that patients with lower vaspin levels might have higher incidence of major adverse cardiac events (MACE) 8 ; however, this is a single-center study with a relatively small sample size. We conducted a large-scale prospective cohort study to assess the prognostic value of serum vaspin in AMI patients.
Methods
The data, analytic methods, and study materials will not be made available to other researchers for purposes of reproducing the results or replicating the procedure.
Study Population
This study enrolled 1036 patients with ST-segment-elevation myocardial infarction and non-ST-segment-elevation myocardial infarction admitted to the affiliated hospitals of Soochow University and Nanjing Medical University from May 2014 to December 2017. AMI was diagnosed based on chest pain symptoms, serial ECG changes, and increased cardiac troponin levels, according to the criteria of the American Heart Association. 9 This study was conducted in agreement with the Declaration of Helsinki and was approved by the clinical institutional review board. Patients with end-stage renal disease or known malignancy were excluded from this study. Demographic, clinical, and biochemical data were collected from the medical records. Written informed consent was obtained from each patient before enrollment.
Measurement of Serum Vaspin
Fasting blood samples were collected from AMI patients on admission. Serum was obtained by centrifugation at 1000 g for 10 minutes and then stored at À80°C. Serum levels of vaspin were determined using a commercial ELISA kit (ALPCO Diagnostics) according to the manufacturer's instructions.
End Points
The primary composite end point was MACE, including cardiovascular death, recurrent AMI, or hospitalization for heart failure (HF). Recurrent AMI was diagnosed according to the criteria as described earlier. 9 HF hospitalization was defined as a hospital readmission for which HF was the main cause, requiring treatment with intravenous diuretics, inotropes, or vasodilators. The secondary end points were the individual components of the primary end point. End points were obtained by reviewing the hospital database and by contacting patients or their families.
Statistical Analysis
Categorical variables were expressed as percentages and compared with the v 2 test. Continuous variables were presented as median and quartile ranges, and comparisons were analyzed by the Mann-Whitney U test. The normality of distribution was evaluated by the Kolmogorov-Smirnov test. A receiver operating characteristic curve was used to determine the optimal cutoff value of vaspin to predict MACE. Cox regression analyses were performed to determine the association between baseline variables and MACE. The following variables were entered into the Cox proportional hazards models: age, sex, body mass index; previous histories of AMI, HF, hypertension, diabetes mellitus, hyperlipidemia, and smoking; AMI type; Killip class; revascularization; CRP (C-reactive protein); troponin T; NT-proBNP (N-terminal pro-B-type natriuretic peptide); and vaspin. Troponin T, NT-proBNP, CRP, and vaspin levels were normalized by log 10 transformation. Kaplan-Meier analysis was undertaken to estimate survival rates in the groups stratified by serum vaspin levels. Integrated discrimination improvement and net reclassification improvement were calculated to assess the incremental value of vaspin in the prognosis of AMI. P<0.05 was considered statistically significant. 
Clinical Perspective
What Is New?
• Patients with acute myocardial infarction and low levels of vaspin (visceral adipose tissue-derived serpin) have high incidence of major adverse cardiac events.
• Multivariable regression analysis indicates that low vaspin is an independent predictor of major adverse cardiac events in acute myocardial infarction.
• Low vaspin is also a valuable predictor of heart failure hospitalization and recurrent myocardial infarction.
What Are the Clinical Implications?
• Serum vaspin is a significant prognostic marker of major adverse cardiac events in patients with acute myocardial infarction.
• Serum vaspin can improve early risk stratification for patients with acute myocardial infarction.
Results

Patient Characteristics
The ROC curve analysis was conducted to evaluate the prognostic value of vaspin, and the results are shown in Figure 1 . Serum levels of vaspin could significantly differentiate patients with MACE (area under the curve: 0.785; P<0.001) and the optimal cutoff value for predicting MACE was 0.62 ng/mL. AMI patients were divided into 2 groups according to the cutoff value of vaspin level. The baseline characteristics of patients are shown in Table 1 . Patients with higher vaspin levels were more likely to be female, obese, and diabetic. In addition, vaspin seemed to be inversely associated with CRP.
A total of 654 patients with ST-segment-elevation myocardial infarction and 382 patients with non-ST-segmentelevation myocardial infarction were enrolled in this study. The median length of follow-up was 574 days. During the follow-up period, 86 patients died from cardiovascular causes, 145 were readmitted with HF, and 59 had recurrent AMI.
Kaplan-Meier Analysis
Kaplan-Meier analysis was performed to compare the survival rates of patients with high and low vaspin levels. Our results indicated that low vaspin was a valuable predictor of MACE in patients with AMI ( Figure 2 ). Patients with vaspin levels <0.62 ng/mL had significantly higher incidence of MACE compared with those with vaspin levels >0.62 ng/mL (logrank test, P<0.001).
Primary End Point
Cox regression analysis indicated that age; previous histories of AMI, HF, hypertension, diabetes mellitus, and hyperlipidemia; Killip class; revascularization; CRP; NT-proBNP; and vaspin were univariate predictors of the primary end point of MACE (Table 2 ). In addition, multivariate Cox regression analysis revealed that low vaspin remained an independent predictor of MACE (hazard ratio: 0.74; 95% CI, 0.48-0.96; P=0.029), together with age; previous histories of AMI, HF, hypertension, and diabetes mellitus; Killip class; revascularization; CRP; and Values are median (interquartile range) or n (%). ACEI indicates angiotensin-converting enzyme inhibitor; AMI, acute myocardial infarction; ARB, angiotensin receptor blocker; BMI, body mass index; CRP, C-reactive protein; HF, heart failure; NS, not significant; NT-proBNP, N-terminal pro-B-type natriuretic peptide; STEMI, ST-segment-elevation myocardial infarction.
NT-proBNP ( Table 2 ). The integrated discrimination and net reclassification improvements for MACE were significantly improved by the addition of vaspin to the model of conventional risk factors (integrated discrimination improvement: 0.072; 95% CI, 0.045-0.126; net reclassification improvement: 0.098; 95% CI, 0.053-0.164).
Secondary End Points
A Cox proportional hazards model was constructed for the secondary end points of cardiovascular death, HF hospitalization, and recurrent AMI. Our results showed that low vaspin was a significant predictor of HF hospitalization (hazard ratio: 0.58; 95% CI, 0.37-0.89; P=0.005) and recurrent AMI (hazard ratio: 0.72; 95% CI, 0.53-0.95; P=0.036) following adjustment for age; sex; body mass index; previous histories of AMI, HF, hypertension, diabetes mellitus, hyperlipidemia, and smoking; AMI type; Killip class; revascularization; CRP; troponin T; and NT-proBNP (Table 3) . However, low vaspin was not found to be a predictor of cardiovascular death.
Discussion
Over the past decade, significant progress has been made to identify various biomarkers that can facilitate risk stratification for AMI patients. Vaspin, a newly discovered adipokine, has been found to be involved in the development of metabolic syndrome and atherosclerosis. 10 In the present study, we included 1036 AMI patients in a prospective cohort study and determined the relationship between serum vaspin and cardiovascular outcomes. Our findings demonstrate that vaspin might be a valuable biomarker of MACE and could be used to improve risk stratification for AMI patients. In this study, our results showed that high vaspin levels were associated with obesity and diabetes mellitus. Multivariate Cox regression analysis suggested that low vaspin was a significant predictor of MACE, together with age; previous histories of AMI, HF, hypertension, and diabetes mellitus; Killip class; revascularization; CRP; and NT-proBNP. In addition, low vaspin was also an independent predictor of HF hospitalization and recurrent AMI following adjustment for conventional risk factors. Furthermore, addition of vaspin to the traditional model resulted in better integrated discrimination and net reclassification improvements for MACE prediction. Our findings were consistent with another prospective study with a small sample size that suggested vaspin might be a prognostic biomarker in patients with AMI. 8 A recent study by Su et al showed that low vaspin was independently associated with an increased risk for MACE in a cohort of patients with CAD of differing severity.
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The mechanisms by which vaspin is involved in the progression and prognosis of CAD have not been fully clarified. In this study, low vaspin was found to be associated with increased inflammation in AMI patients. A previous study indicated that vaspin could exert anti-inflammatory action in vascular smooth muscle cells and prevent TNF-a (tumor necrosis factor a)-induced ICAM1 (intercellular adhesion molecule 1) expression by inhibiting reactive oxygen speciesdependent NF-jB (nuclear factor jB) and PRKCQ (protein kinase C h) activation. 12 Recently, accumulating evidence has suggested that inflammation plays an important role in the pathogenesis of CAD. 13, 14 Moreover, ventricular remodeling is a critical mechanism in the development of HF. 15 Inflammation has been reported to be involved in the pathogenesis of cardiac remodeling after AMI. 16 Therefore, vaspin might attenuate myocardial remodeling and improve cardiovascular prognosis in AMI patients partly through anti-inflammatory effects.
In recent years, several experimental studies have been performed to investigate the effects of vaspin on vascular function, which may partially explain the beneficial roles of vaspin in CAD. Nakatsuka et al showed that vaspin served as a ligand for the GRP78 (78-kDa glucose-regulated protein)/ voltage-dependent anion channel complex in endothelial cells and could promote proliferation, suppress apoptosis, and attenuate vascular injury in diabetes mellitus. 17 Moreover, AMI indicates acute myocardial infarction; BMI, body mass index; CRP, C-reactive protein; HF, heart failure; HR, hazard ratio; NS, not significant; NT-proBNP, N-terminal pro-B-type natriuretic peptide; STEMI, ST-segment-elevation myocardial infarction. *CRP, troponin T, NT-proBNP, and vaspin were normalized by log 10 transformation.
Jung et al indicated that vaspin increased nitric oxide bioavailability in vascular endothelial cells by reducing asymmetric dimethylarginine, which might provide a novel molecular mechanism of antiatherogenic actions of vaspin. 18 This study has some limitations. First, this prospective study was conducted in a Chinese population, so the results should be extrapolated cautiously to other populations. Second, we did not perform serial measurements of serum vaspin after the occurrence of AMI. Third, we did not combine vaspin with other biomarkers to predict the prognosis of AMI.
In conclusion, our study suggests that serum vaspin is an independent prognostic marker of MACE in AMI patients. Further studies with longer follow-up are needed to investigate the predictive value of vaspin, to determine a cutoff value, and to clarify its potential mechanisms.
